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Every year, our clothes release huge amounts of plastics into the

environment, and some of those plastics end up in our bodies. To

make cleaner and safer fabrics, we can look at one of nature’s best

fiber-makers: spiders! Spider silk is strong like steel, but seven times

lighter, much stretchier, and biodegradable. Even better, spiders

make it at room temperature using only water. Unfortunately, we

cannot farm spiders to make silk, so we have learned to copy their

tricks. We put spider silk genes into bacteria, so the bacteria made

lots of silk proteins. Then we spun these proteins into fibers using

a method similar to the one spiders use. The result is a strong,

environmentally friendly fiber. To control the silk fibers without

touching them, we mixed the silk proteins with tiny magnetic

particles. The resulting fibers are both strong and magnetic, making

them perfect candidates for the advanced textiles of the future.

kids.frontiersin.org May 2026 | Volume 14 | Article 1767990 | 1

https://kids.frontiersin.org/
https://kids.frontiersin.org/articles/10.3389/frym.2026.1767990
https://kids.frontiersin.org/articles/10.3389/frym.2026.1767990
https://doi.org/10.3389/frym.2026.1767990
https://kids.frontiersin.org/articles/10.3389/frym.2026.1767990
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2026.1767990
https://kids.frontiersin.org/article/10.3389/frym.2026.1767990
https://kids.frontiersin.org/article/10.3389/frym.2026.1767990


Greco et al.

SPIDER SILK: AN IMPORTANT OPPORTUNITY FOR THE

CLOTHING INDUSTRY

Every year, the textile industry uses huge amounts of plastic materials
TEXTILE

Any material that can
be woven, knitted, or
used to make clothes,
like cotton or wool.
Your T-shirt and jeans
are made from textiles.

tomake clothes. Around fivemillion tons of these plastics end up in the
environment and do not break down. These plastics enter the soil and
the water, ultimately reaching our food sources—plants and animals
alike. Recent studies have shown that a human can unknowingly
consume up to 5g of plastic every week. This corresponds to the
weight of a credit card [1]. About one third of this plastic (around 2g)
comes directly from the textile industry [2]. Some tiny plastic particles
can remain in our bodies for a long time, and theymay carry chemicals
that can change how our bodies work.

This huge environmental problem is caused by two main factors.
First, people tend to buy too many clothes, even when they do not
need them, and frequently fromnon-sustainable sources. Second, the

SUSTAINABLE

It means using
materials and resources
in a way that protects
nature, creates less
waste, and makes sure
people in the future
can still use and
enjoy them.

textile industry currently relies mostly on petroleum-based fibers—in
other words, plastics—to produce fabrics and clothes. The first issue
can be solved by changing our lifestyles, while the second requires a
much deeper transformation of the textile industry. To avoid plastic
accumulation in the environment, we must find sustainable substitute
materials to produce fabrics [1].

To do this, we can draw inspiration from nature and learn to produce
fibers from one of the most fascinating animals on Earth: spiders.
Spiders spin silks, which are made mostly of proteins—a bit like

PROTEINS

Molecules that living
things use to build and
repair their bodies.
They are like the
“bricks” of life, found in
muscles, skin, hair, and
many other parts of
plants and animals.

the ones found in meat, eggs, or milk. Spiders produce many kinds
of proteins, which they store like treasures inside their bodies in
specialized organs called silk glands. Each spider has several types
of glands (up to seven), and each one produces a di�erent silk
protein [3].

With these proteins, spiders spin fibers that they use for a wide variety
of purposes. Some spiders use silk fibers to build clever traps that can
catch or lift prey, even when the prey is thousands of times larger
than the spider itself [4]. Spiders can even “fly” using these fibers: they
release a thread of silk that catches the wind, which lets them glide for
hundreds of kilometers.

Spider silks have incredible properties. They are as strong as steel,
yet far more stretchable, seven times lighter, and most importantly,
biodegradable. What makes these fibers even more interesting from aBIODEGRADABLE

Something that can
naturally break down
into simple, harmless
parts with the help of
tiny organisms like
bacteria, returning
safely to
the environment.

textile point of view is that spiders produce them at room temperature,
using mainly water—factors that make them incredibly sustainable.
Spider silks represent a unique opportunity for the textile industry to
develop sustainable fibers for clothes (Figure 1).

You might be wondering why people do not simply breed spiders and
collect silk from them. In fact, people have tried and failed. Spiders are
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cannibalistic, whichmeans they sometimes eat other spiders, and they
also produce very small amounts of silk. For example, there is only one
cape in the world made entirely of spider silk. To collect enough silk to
make it, 75 people worked for 8 years, gathering silk from 1.2 million
spiders! Clearly, this is not e�cient. Therefore, if we want to produce
spider silk for the textile industry, we must do it artificially.

Figure 1

Figure 1

Spider silk is an
extraordinary fiber:
strong, lightweight,
stretchable, and
biodegradable. Even
better, spiders produce
it under
environmentally
friendly conditions,
using mainly water and
working at room
temperature. In recent
decades, scientists
have learned how to
produce spider silk
artificially and in large
quantities, by inserting
spider genes into
bacteria. Our group has
even managed to make
it magnetic by mixing it
with tiny magnetic
nanoparticles. MAKING ARTIFICIAL SPIDER SILK

Producing spider silk artificially is very di�cult, and it has taken
scientists a long time to get it right. Since spider silk ismade of proteins,
the first step in producing artificial spider silk is to make artificial spider
silk proteins. How can we do so? The answer lies in genetics. Every
organism has DNA, which contains the genes that tell cells how to
make proteins. By introducing spider silk genes into other organisms,
we canmake those organisms produce spider silk proteins for us.

All organisms are constantly making proteins—in fact, you are
producing proteins right now as you read this! The challenge is not
just getting these organisms to make proteins, but getting them to
make the exact proteins we want, and then isolating those proteins
so we can use them. Modifying complex organisms to produce spider
silk proteins can be very challenging. In the early 2000s (before many
of you were even born!), a group of scientists in the United States tried
to modify a goat so that it would produce spider silk proteins in its
milk. While the results were interesting, they did not produce enough
protein to make even something as simple as a T-shirt.

A better solution is to use bacteria, tiny organisms that live just about
everywhere, including in and on our bodies. Specifically, scientists
use bacteria called Escherichia coli, which are much easier to modify

kids.frontiersin.org May 2026 | Volume 14 | Article 1767990 | 3

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2026.1767990
https://kids.frontiersin.org/article/10.3389/frym.2026.1767990
https://kids.frontiersin.org/article/10.3389/frym.2026.1767990


Greco et al.

than goats because they are made of only one simple cell. The
first successful attempt to produce spider silk proteins using E. coli

happened in 1997 [5]. Almost 25 years later, this method is now greatly
improved, and artificial spider silk proteins can be produced in very
large quantities, enough for the textile industry [6].

Once we have these proteins, we can spin them into fibers using a
method called biomimetic spinning [7]. This means we mimic how

BIOMIMETIC

Something humans
make by copying how
nature works.

spiders spin their silk. The proteins are mixed with water and pushed
through a tiny tube into a special acid bath (a bit like a salad dressing).
When they touch the bath, the proteins unfold (you can imagine them
like curly spaghetti noodles that straighten out), stick to each other,
and squeeze out the water, forming a solid thread.

We have tested these fibers, and the results are impressive [8]! In terms
of how much they can be stretched before breaking, our fibers are
twice as tough as Kevlar, one of the strongest man-made fibers used
in things like pilots’ helmets. And the best part? We produce artificial
silk fibers at room temperature, while making Kevlar usually requires
temperatures of 100◦C.

Despite their amazing properties, our artificial spider silk fibers are not
perfect. For example, they do not naturally have magnetic or electric
properties, which are important for “smart” textiles—clothes that can
sense and respond to signals from our bodies. Magnetic fibers are
called “smart” because they can move or change when a magnet is
nearby. This makes it possible to control them without even touching
them. Thus, developing artificial fibers that are mechanically strong,
sustainable, andmagnetic would be a game-changer for technologies
like soft robotics and wearable electronics.

MAKING ARTIFICIAL SPIDER SILK MAGNETIC

The first idea to make spider silk magnetic was to coat the fibers
withmagneticmaterials. For example, there are several metallic alloys,

ALLOYS

Mixtures of two or
more metals. For
example, steel is an
alloy made from iron
and carbon, and it is
stronger than either
one alone.

made from cobalt (a metal used mostly for making batteries) and iron,
that could be used. Our research group tried this approach with both
natural and artificial spider silk, but the resulting fibers were not strong
enough, so we had to change our strategy [9].

Here is where the beauty of artificial spider silk production comes
in. What if we could mix tiny magnetic particles directly with the
proteins before spinning the fibers? When we say tiny, we mean
really tiny: each particle is about 40 nanometers across, which
means they are roughly 2,500 times thinner than a human hair!
Because they are small, sphere-like, and magnetic, scientists call them
magnetic nanoparticles.

NANOPARTICLES

Extremely tiny
particles—so small that
you cannot see them
even with a normal
microscope—that
scientists use to give
materials new or
special properties.
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We tried to mix magnetic nanoparticles directly into our silk proteins
but the mixture was too thick and it was di�cult to make fibers. The
few fibers we managed to make were weak and fragile, which is no
good for making textiles. These nanoparticles do not mix easily with
water—they tend to clump together. Normally, scientists solve this
problem using harsh chemicals, like strong acids. But we wanted to
keep our process green, water-based, and safe. So, a collaborator
in Spain helped us make nanoparticles that mix with water and are
easier to handle at room temperature [10]. To do this, they coated the
magnetic nanoparticles with a substance commonly used in medicine
to treat heavy metal poisoning.

This worked surprisingly well! With this coating, we could mix the
silk proteins and nanoparticles in water and spin fibers e�ciently. The
resulting fibers have excellent mechanical and magnetic properties,
making them perfect candidates for smart textiles that move, sense
their environment, or adapt to di�erent human needs [11]. We are now
working hard to improve these fibers even further, and we hope that
soon we will be able to create the first products out of them.

WHAT CAN THE TEXTILE INDUSTRY LEARN FROM

SPIDERS?

The textile industry is currently not sustainable because it releases
millions of tons of plastic into the environment each year. To reduce
this pollution, we need sustainable alternatives to plastic-based fibers.
Spiders o�er us a brilliant inspiration: they produce many kinds of silks
that are strong, light, stretchable, biodegradable, and made at room
temperature using only water.

By inserting spider silk genes into bacteria, we can produce large
amounts of silk proteins, which can be spun into fibers. To make these
fibers suitable for smart textiles, we added magnetic nanoparticles,
which allowed the production of strong, magnetic, sustainable
artificial spider silk fibers, paving the way for sustainable smart textiles
that will help make clothes that can sense movement, monitor our
health, or power tiny devices.
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YOUNG REVIEWERS

ALBERT, AGE: 11

I am Albert, an energetic 11-year-old in 6th grade who loves staying active and

learning new things. I play volleyball on a team called Maryland Volleyball Program,

where I work hard, compete, and have funwithmy teammates. I also play percussion

in Maryland Classic Youth Orchestra and enjoy playing music. In my free time, I

like riding my bike or relaxing with a good book. I always try my best and enjoy

new challenges.
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ADRIAN, AGE: 112

Hello, my name is Adrian, and I enjoy playing soccer. I enjoy my teammates, the

feeling of winning, and the lessons learned from loosing. I attend a school where a

classical education as well as building a strong, kind character are highly targeted,

above other areas. I enjoy history,math, and science. For science, I like learning about

physics and the inventions of new technologies.

AUSTIN, AGE: 13

I am a curious teen with interests in bioengeering and chronic diseases. I

love learning about new inventions engineered to improve research or help

treat diseases.

QUARTZ, AGE: 14

My name is Quartz and I am 14 years old. I am a upcoming high school freshman. I

love to play soccer, go surf at the beach, and bike around. Atmy school, we are taught

science which I largely enjoy due to primarily the experiments that we conduct and

the new information I learn everyday.
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